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the results of which are visual sensations
on our part, though we are asleep, with
closed eyes, in the darkness. This remark-
able fact about the visual area is not pecul-
iartoit, for the facts of the other centers of
special sensation are the same. No sound
reaches the nervous center of hearing, but
only nerve impulses that run along the audi-
tory nerve. That nerve may be excited
by many agents other than sound, but,
whatever excites it, the result is the sensa-
tion of hearing. And, further, the audi-
tory center may be excited in dreams, in
reverie, and in the processes of memory,
so that we hear, more or less clearly,
either sounds which we have never heard,
or sounds which are recalled by the memory,
though all the time we are in silence. Thus
there is an inward ear, exactly as there
is an inward eye. All sensations of vision
and of hearing, whether excited by actual
light or sound, or by abnormal disturbance
of the optic or auditory nerves, or by
subtler and deeper causes, have their seat
in those cerebral centers ; and any activity
of those cerebral centers must result in
vision or hearing respectively, and in
nothing else. Our clear understanding of
this "law of specific sensations " we owe to
the great German pioneer Johannes Miiller.

The formation of the retina from the pro-
trusion of the primitive brain

But normally, of course, the visual center
is thrown into action through an astonishing
apparatus, which we briefly summarize as
the eye. This apparatus is definitely of
double origin, in part lofty and in part
humble. When we study the deeper parts
of it, we find many cells which are plainly
nerve-cells, but in front of these the eye
consists of cells of lower type.

The fact is that the front parts of the
eye, such as the lens, were developed from
an infolding of the ectoderm, the outer germ
layer, in a very early stage of development;
but the back parts of the eye, especially
represented by the retina, are formed in
man and the higher animals not from the
body ectoderm but from the brain itself.
Very early in development a protrusion
appears from each side of the developing
brain,

Now these two protrusions grow each
one on what is practically an ever-lengthen-
ing stalk. As each advances, it meets the
depression or infolding of the surface ec-
toderm, which has been passing inward to
meet it. Thus the eye is formed, the retina
being derived from the protrusion from the
primitive brain, so that its nerve-cells are
really brain-cells, as if a portion of the brain
had come out of the cranium in order to see;
and the stalk upon which this protrusion
or bulb of nervous matter was borne be-
comes the optic nerve.

The bony protection of the eye from ex-
ternal dangers

Everything in front of the retina is there-
fore to be looked upon as subordinate in
function to the nerve-cells of the retina,
which are, so to speak, personally affected
by the rays of light for which the front
parts of the eye merely exist in order to
transmit. This transmitting apparatus
first claims our attention, but we need
deal with it only briefly, as its functions
are wholly mechanical, and the problems
of psychology lie further back.

We note, then, the well-protected posi-
tion of the eyeball within a bony chamber
called the orbit, through the back of which
the optic nerve passes outwards from the
cranial cavity. The edges of the orbit are
powerful and project very efficiently, so
that a "black eye" commonly involves
anything but the eye itself. The bony roof
of the orbit is thin, however, and upon it
rests part of the frontal lobe of the cere-
brum. A carelessly handled umbrella may
quite possibly penetrate this delicate roof
of the orbit, and cause death by its action
on the overlying brain. The eyebrows
add further protection of a different kind,
by diverting the perspiration from the fore-
head, so that it does not run into the eye.
The eyelids are provided with hair for a
similar purpose. When the eye is open the
upper lid is held up by the pull of a tiny
muscle attached to the back of it. When
this muscle ceases to act, the upper lid
drops of its own weight, and the eye is
closed. But the entire eye is surrounded
with a circular muscle, one of the muscles of
the face, which is also attached to the lower